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Introd

 We have been using a solenoid
capture system for capturing pions
off the target since we started
looking at neutrino factories.

— The neutrino physicists (that
we were talking to) seemed

more enamored with
Superbeams.

— We had looked at using a
solenoid in the place of horns
for a superbeam, since we
had thought that we could
build a neutrino factory as a
later stage of an existing

superbeam facility.

« Atthe rightis a PAC paper
showing one of the early studies.
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Abstract

Thiz paper describes the use of 2 ligh feld sclencidal
magnet to caphue secondary plons fom the production
target. The caphured pions subsequentially decay to pro-
duce the newhino beam. A pion capfure system using a
ligh field solencid magnet has been propesad for the muon.
collider[1]. This technology would also be available for
neutrino beam production. Itwill be shown that a high fisld
solenoid would produce a larzer flux of neutrimos with en-
< 1.3 6¢1’, than 2 neutrine beam produced with a
system. The v, , &, flue contamimation in the solenoid
neutring beam is enly 0.15%

1 INTRODUCTION

The 1ecent paper fSom the Super Kamickande
Collaboration[J] [3] mdicating evidence for oscilla-
tioms of atmespheric newinos has crested interest m
venfymg the results with an accalerator based neutrmo
experiment. The probability of oscillation of one species
of newtring into another is proportional to sin ALl L]
For oscillations in the small Am?® region it is advantageous
to have erther or both a long distance or small £, Ahigh
fizld solencid can capture all pions produced from proton,
interactions on 3 target up to a Tansverse momentum, My,
determied by the fisld, 5., and the solencidal radius,
#i,. The pion capnue sclencid (currenty) proposed for
the nmon collider has B, = 20 feslu and i, = & oo
These parameters would Emit the capture to pions with
Pr < 0.225 Gl /e which would keep only 33% of the
plons.  Sincs mmens from low Py plons can be mors
efficiently cooled, these parametsrs are reasomable for a
nmon ccllider For neuttine meduction a larger sclencid
aparture is prefaned.

The solencid field iz 20 tesla m the viemity of the tar-
zet. The gradient of field, as it falls off moving away fom
the target, provides focussing by increasing the longitu-
dinal mementum while decreasing the fansverse momen-
fum The form of the field along the lengtudinal axis is

T 0]

wheare 1, is the nominal field at the tarzet and 4 is a param-
atar that determines 75 and consequently the focussing.
A solencid tends to focus low momentum prons better than
high momentum pions. The o fus from solencidally cap-
fured pions will dominate the »+ fiux from 2 hom beam at
low nemtring energy. There is an additional contribution of
i+ from a selencid since the solanold does not sizgn select as
a hom dees.

~Wark parformed undsr Contract o, DE-ACU2-TECHOOD1E wits the
US. Dopartsest of Exsrgy.

1 SIMULATION

A simulation study of solencid focussed pion beam for
o production was mads using GEANT[4]. The GEANT
mede]l used m the (now defimet) BNL long baseline
experiment[ 5] was used as a basis. The two hom system in
the GEANT model was replaced by the hizh field zolencid.
Tha sclencid is 20 meters long with the radius varying 2

Riz) = BT T az @

where I, is the radms of the solanoid m the vicimty of the
get. [ = 16 om is chosen 5o that all 75 with Pr <
AL eV (¢ ae kept. This apate will caphure 73% of
the 2 produced. a iz chosen to give the proper focussing.
Cheosing & = (.05 cm—! will grve 2 radius of 160 cm at
the far end of the solencid.
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Fizure 1: Transverse momentum distribution of secondary
pions from the target using the FLUKA opticn m GEANT.
Proisin GeVe.

The sclencid for computational purposes is deseribed by
a saquence of 100 cwrrent rings with radius given by Eq 2
and spacing between the nngs as approxmmataly imversaly
propertional to the field soength The cwrrent in the rings is
waried so as to obtain the desired field on the axis. Themag-
netic field is obtained by summing the contibution fom
each ring where the field from sach ring is caleulzted from
an analytic expracsion[6]. This procedure for fisld compm-
tation 15 accurate and manifestly satisfies Maowell's equa-
tion. It does not suffer from the descretation emors that
would ba present m using a fiald map for 2 20 meter long
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First Phase Super Neutrino Beam

 Upgrade AGS to 1MW Proton Driver:

Machine Power Proton/Pulse ~ Repetition Rate ~ Protons/SSC year
Current AGS 0.17 MW 6x 10" 0.625 Hz 3.75 x 10%°
AGS Proton Driver 1 MW 1x10" 2.5Hz 2.5 x 10*!
Japan Hadron Facility 0.77 MW 33x 10" 0.29 Hz 9.6 x 10%
Super AGS Prot Driver 4 MW 2x 10" 5.0 Hz 1.0 x 10%

— Both BNL and JParc have eventual plans for their proton drivers
to be upgraded to 4 MW.

» Build Solenoid Capture System:

— 20 T Magnet surrounding target. Solenoid field falls offto 1.6 T
in 20 m.

— This magnet focuses both n* and n-. Beam will have both v and
vV

— A solenoid is more robust than a horn magnet in a high radiation.
* A horn may not function in the 4 MW environment.

A solenoid will have a longer lifetime since it is not pulsed.
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Types of Capture/Focus Systems
Considered

« Traditional Horn Focus System
— Uses foroidal magnetic field.
— Focuses efficiently
* B, Lp,
— Conductor necessary along access.
« Concern for radiation damage.
« Cannot be superconducting.

— Pulsed horn may have trouble surviving ~10° cycles
that a 1-4 MW system might require.

« Solenoid Capture System similar to that used by
Neutrino Factory

« Solenoid Horn System
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Simulations to Calculate Fluxes

* Model Solenoid/Horn Magnet in GEANT. (Geant 3.21)
— Use Geant/Fluka option for the particle production model.
— Use 30 cm Hg target ( 2 interaction lengths.)
* No target inclination.
— We want the high momentum component of the pions.
— Re-absorption of the pions is not a problem.
— Solenoid Field profile on axis is B(z)=B,,../(1+a z)

* |Independent parameters are B and the solenoid
length, L.

— Horn Field is assumed to be a toroid.

— Pions and Kaons are tracked through the field and allowed to
decay.

— Fluxes are tallied at detector positions.

max

max’ Bmin

* The following plots show v flux and v, /v, flux ratios.
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Solenoid Capture

Sketch of solenoid arrangement for - e

Neutrino Factory ——> :

If only v and not v 1s desired, then a dipole magnet could be
inserted between adjacent solenoids above.

Inserting a dipole also gives control over the mean

energy of the neutrino beam.

*Since v and v events can be separated with a modest
magnetic field in the detector, 1t will be desirable to collect

both signs of v at the same time.
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Captured Pion Distributions
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Rate and v, /v, as a function of Decay
Length

Tunne
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nue/num Ratio
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Comparison of Horn and Solenoid Focused
Beams

« The Figure shows the spectra at 0° at
1 km from the target.

— Solenoid Focused Beam.

— Two Horned Focused Beam 0.035)
designed for E8809.

— So-called Perfect Focused beam
where every particle leaving the
target goes in the forward direction.

» The perfect beam is not D_ozf_
attainable. It is used to evaluate i
efficiencies. 0.015]

« A solenoid focused beam selects a lower
energy neutrino spectrum than the horn
beam. 0005k

v, spectrurm ot 0 degree

0.04~=

0,03

0.025

0.01 =

Two Horn Beamn

-—

Solenaid

— This may be preferable for CP ' Focused Beam
violation physics I T N B —
Mus/Gev/m2/PCT
nuzmu z= 1000.00m r= 0.00m Enu(Gev)
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Horn and Solenoid Comparison (cont.)

« This figure shows a similar
comparison of the 1 km
spectra at 1.25° off axis. 1y spectrum ot 1.25 degroes

— The off axis beam is
narrower and lower energy.

e Also a curve with the v flux
plus 1/3 the anti-v flux is
shown in red.

— Both signs of v are focused
by a solenoid capture

0.05
0.04

0.03

Perfect Beam

magnet. D_OQ: i Two Horn Beam
° A deteCtor With a E ,:—_ Solenoid » + 0.333+antiv
mag netiC field Wi” be 2o _'i,' Solenoid Focussed Beam
able to separate the |
charge current v and S —
anti-v' nuzmu z= 1000.00mr= 26.18m Enu(Gg\E)S/GeV/mz/POT
July 27, 2006 S. Kahn -- Comparison of 10

Solenoid and Horn



v Flux Seen at Off-Axis Angles

*We desire to have Low Energy

v beam.

*We also desire to have a
narrow band beam.

] have chosen 1.5° off-axis
for the calculations.

Angle Solenoid v, OF evis

0 4.21x10°
Ya 4.11x10°
Y 4.10x10°

1 3.80x10°
1.5 3.36x10°
2 2.88x10°
1.94x10°

4 1.31x10°
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Solenoid v, OF Events
9.86x10°
9.56x10°
9.46x10°
8.83x10°
7.89x10°
6.80x10°
4.64x105
3.20x10°

Off Axis Beamn

0.014 0014
0.Q012 (.degres 0.012 1..degre
0.01 0.01
0.008 0.008
0.006 0.006
0.004 0.004
0.002 0.00Z
0 T T 0 E__L__L_ o e i
o] 2 4 o] 2 4
Nus/GeV/mZ/FOT Nus/GeV/mZ/PO
nuzmu z= 1000.00m r= 0.00m Enu(GeMizmu z= 1000.00m r= 7. 46m Enu(Gev)
0018 | 0.018 F
0011 Ly 0.016 g
0.012 F b 1.5 degrees o.014
H: 0.olz dagre
0.01
0.01
0.008
0.008
0.008 [ 0.006
0.004 0.004
0.002 0.002
o : 1 1 0 1 L
o] 2 4+ z 4
/GeV/rnZ/PO /GeV/mQ/POT
nuzmu z= WDOO,DDm r— £.18m EnuiGeMjzmu z= 1000. DOm r— 34.92m Enu(Gev)

Horn v, QOF evts

1.38x107
1.32x107
1.18x107
8.69x10°
5.98x106
4.01x10°
1.93x10°
1.02x10°
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HornT/#evts
1.20x103
1.06x103
1.05x105
8.27x10*
7.53x104
4.76x104
3.31x104
2.35x104
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ve/v, Ratio

« The figure shows the v, flux spectrum
for the solenoid focused and horn G E
beams. 0.225

* The horn focused beam has a higher
energy v, spectrum that is dominated by
K—nev, 0175

« The solenoid channel is effective in
capturing and holding © and p.

— The v, spectrum from the solenoid %125
system has a large contribution at I
low energy from p—v v.e. I

— The allowed decay path can be "]

varied to reduce the v/v, ratio at
the cost of reducing the v rate.

v, spectrum ot 1.5 degrees

< Solengid Focussed Beam

< Two Horn Beam

0.05H

0.025H

- We expect the v,/v, ratio to be ~1%

1 1 1 1 1 1 1 1 | 1 1 1 1
o 1 2 3 4 5
Nus/Gev,/m2 /PCT
nuze z= 1000.00m r=  26.18m Enu{GeV)
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Running the AGS with 12 GeV Protons

We could run the AGS with a
lower energy proton beam.

If we keep the same machine
power level we would run at a
5 Hz repetition rate.

— This would work for a
conventional beam since
we are not concerned with
merging bunches.

Figure shows Perfect Beam for
12 and 24 GeV incident
protons.

— 12 GeV profile is multiplied
by 2 for the higher
repetition rate.

0.035

0.03

0.0Z5

0.02

0.015

0.1

0.005

v, spectrum comparisan at 0 degres

*24 GeV protons

*12 GeV Protons

Perfect Beam
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1 2 3 4 5

Mus/Gev,/mz2 /PCT

nuzmu z= 1000.00m r= 0.00m Enu(Gev)
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12 GeV Protons (cont.

v, spectrum from 12 GeV Protons at 0 degree

= v, spectrum from 12 GeV Protons at 1.25 degrees
0.Mar 0.025—
i On Axis i 1.25 degrees off axis
0018 L
0 014‘_ 0.02 z Perfect Beam
0.012+
0.01 C S Perfect Beamn 0015
0.008+—
i 0.01
0.006
i Two Horn Beam
0.004 :_ Two Horn Beam
r . 0.005
a 002: <—— Solenoid Solenoid Focussed Beamn
) L Focused Beam
ne Lo
o 1 2 3 4 3 0 — e | R I S | L
Nus/GeV/m2/PCT 4] 1 2 3 4 =
nuzmu z= 1000.00m r= 0.00m Enu(Gev) Nus,/GeV,/m2 /POT
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Conclusions

Most of this work had been done on and off between 1999 and
2001.

We had appreciated that making long solenoid channels would be
an effective way to hold pions until they decayed.

— We were concerned about the cost of these long solenoid
channels since horns were relatively cheap.

We were not successful keeping the beam focused after we left the
solenoid.

Horns were reasonably efficient in capturing pions particularly the
high part of the spectrum.

— There was not much room for enormous gain.

This talk should provide an introduction into Harold Kirk’s talk which
discusses more recent work that has been done on this subject.
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